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RADIO COMMUNICATION SYSTEM 
TECHNICAL FIELD 

The present invention relates to a radio 
5 communication system for the radio communication between 
portable radio terminals and a base station in a 
communication area* 

BACKGROUND ART 

10 Referring to Fig. 1 illustrating a radio 

communication system including portable radio terminals, a 
base station 1 for a communication area El and a base 
station 2 for a communication area E2 communicate with each 
other via, for example, a central base station 3. A 

15 portable radio terminal 4 in the communication area El 
communicates with the base station 1 by, for example, a 
frequency division multiple access mode (FDMA mode) or a 
time division multiple access mode (TDMA mode). 

Fig. 2 is a block diagram of the constitution of a 

20 portable radio terminal. Shown in Fig. 2 are a 

transmitter-receiver antenna 10, a radio unit 11, a speech 
processing unit 12, a central processing unit { CPU) 13, a 
microphone 14 connected to the speech processing unit 12, a 
loudspeaker 15 connected to the speech processing unit 12, 

25 a ROM 16 storing control programs, a RAM 17 for temporarily 
storing data being processed, a RAM 18 for storing the 
respective telephone numbers of the portable radio terminal 
and a called terminal, a display unit 19, an operating unit 
20. The ROM 16, the RAM 17, the RAM 18, the display unit 

30 19 and the operating unit 20 are connected to the CPU 13. 
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The operation will be described hereinafter. 
When numeric keys or an abbreviated number key 
included in the operating unit 20 of the portable radio 
terminal 4 is operated for dialing in the communication 
5 area El of the base station 1. Upon the reception of a 

dialing signal, the CPU 13 exchanges data with the ROM 16, 
and the RAMs 17 and 18 to transmit a telephone number 
signal indicating the telephone number of a called portable 
radio terminal through the radio unit 11 and the 
10 transmitter-receiver- antenna 10. 

Upon the reception of the telephone number signal, 
the base -station 1 sends a transmission signal through the 
central base station 3 to the base station 2 for the called 
portable radio terminal, the bare station 2 transmits the 
15 transmission signal to a called portable radio terminal 5, 
and the portable radio terminals 4 and 5 are connected to 
each other in a talking state. Then, the speech of the 
caller is converted into a corresponding electric signal by 
the microphone 14, the electric signal is processed by the 
20 speech processing unit 12, and the processed electric 
signal is transmitted through the transmitter-receiver 
antenna 10 by the radio unit 11. The speech processing 
unit 12 receives a transmission signal representing the 
speech of the caller through the transmitter-receiver 
25 antenna 10 and the radio unit 11, and processes the same, 
and the output of the speech processing unit 12 is 
converted into the speech by the loudspeaker 15. 

During the above talking, the radio unit 11 receives 
radio waves transmitted by the base station 1 and received 
30 through the transmitter-receiver antenna 10 and measures 
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field intensity level and circuit quality. The CPU 13 
compares the field intensity level and the circuit quality 
measured by the radio unit 11 with certain thresholds. As 
mentioned in "Daini Sedai Kodoresu Denwa Shisutemu Hyoujun 
5 Kikaku Dai-Ippan (Second Generation Cordless Telephone 

System Standard 1st Edition) (RCRSTD-28)" issued by Zaidan 
Hojin Denpa Shisutemu Kaihatsu Senta (Dec, 1993), the 
thresholds are communicated beforehand by the base station 
as "handover processing level" to the portable radio 

10 terminal.,. 

As the result of the comparison, if the field 
intensity level or the circuit quality is justified below 
the threshold, the CPU 13 provides a handover instruction 
and the radio unit 11 starts a handover operation upon the 

15 reception of the handover instruction. 

Since the conventional radio communication system 
has the foregoing configuration, the handover operation is 
repeated at intervals of, for example, 5 sec when the 
quality of the received radio waves is unsatisfactory and 

20 is below the threshold even if there is no base station 

available for handover, and the speech is interrupted for 2 
sec for the handover operation, which deteriorates speech 
quality greatly. 

The present invention has been made to solve such a 

25 problem and it is therefore an object of the present 
invention to improve speech quality by reducing the 
frequency of the handover operation if there is no base 
station available for handover. 

3 0 DISCLOSURE OF INVENTION 
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The present invention avoids unnecessarily frequent 
repetition of a handover operation to improve communication 
quality by employing a radio unit connected to a 
transmitter-receiver antenna, and a control unit which 
compares either or both of field intensity level and 
circuit quality measured by the radio unit with thresholds, 
and gives a handover instruction to the radio unit if the 
measured field intensity level or the measured circuit 
quality is lower than the corresponding threshold, and 
lowers the= threshold- when a handover operation carried out 
in response to the handover instruction is unsuccessfully 
executed, - 

The present invention avoids the unnecessary change 
of conditions for handover in an area where communication 
condition is satisfactory by employing a selecting unit 
which selects either a procedure to change conditions for 
handover when a handover operation is unsuccessfully 
executed, or a procedure to keep conditions for handover 
unchanged even if a handover operation is unsuccessfully 
executed . 

The present invention reduces the frequency of an 
unnecessary handover operation to improve communication 
quality by changing time when the next handover operation 
can be started according as a handover operation is 
unsuccessfully done. 

The present invention reduces the frequency of an 
unnecessary handover operation to improve communication 
quality by changing either or both of a time when the next 
handover operation can be started, and the thresholds to be 
compared with field intensity level and circuit quality 



measured by the radio unit when a handover operation is 
unsuccessfully executed. 

The present invention avoids the unnecessary change 
of conditions for handover in an area where communication 
5 condition is satisfactory by changing either or both of 
time when the next handover operation can be started and 
the thresholds to be compared with field intensity level 
and circuit quality measured by the radio unit when a 
handover operation is successful. 

10 The ^present invention enables the operator to 

execute a forced handover operation by employing a radio 
unit connected to a transmitter-receiver antenna, a control 
unit which compares either or both of field intensity level 
and circuit quality measured by the radio unit with 

15 thresholds, gives a handover instruction to the radio unit 
if the measured field intensity level or the measured 
circuit quality is lower than the corresponding threshold, 
and lowers the threshold if a handover operation carried 
out in response to the handover instruction is 

20 unsuccessfully executed, and a handover executing means 

capable of forcibly executing handover regardless of either 
or both of the field intensity level and the circuit 
quality. 

The present invention enables the operator to 
25 inhibit handover to reduce the frequency of unnecessary 

handover and to improve communication quality by employing 
a radio unit connected to a transmitter-receiver antenna, a 
control unit which compares either or both of field 
intensity level and circuit quality measured by the radio 
3 0 unit with thresholds, gives a handover instruction to the 
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radio unit if the measured field intensity level or the 
measured circuit quality is lower than the corresponding 
threshold, and lowers the threshold if a handover operation 
carried out in response to the handover instruction is 
unsuccessful, and a handover inhibiting means capable of 
inhibiting the execution of handover regardless of either 
or both of the field intensity level and the circuit 
quality. 

BRIEF DESCRIPTION OF- DRAWINGS 

Fig. 1 is a diagrammatic view of a radio 
communication system including portable radio terminals; 

Fig. 2 is a block diagram of a portable radio 
terminal ; 

Fig. 3 is a flow chart of a procedure to be carried 
out by a radio communication system in a first embodiment 
according to the present invention; 

Fig. 4 is a flow chart of a procedure to be carried 
out by a radio communication system in a second embodiment 
according to the present invention; 

Fig. 5 is a flow chart of a procedure to be carried 
out by a radio communication system in a third embodiment 
according to the present invention; and 

Fig. 6 is a flow chart of a procedure to be carried 
out by a radio communication system in a fourth embodiment 
according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described in terms of 
the best mode for carrying out the invention with reference 



to the accompanying drawings. 
First Embodiment 

A radio communication system in a first embodiment 
according to the present invention and portable radio 
5 terminals included in the radio communication system are 
the same in construction as those shown in Figs. 1 and 2. 
New functions are added to a radio unit 11, a CPU 13 and an 
operating unit 20, i.e., components of the portable radio 
terminal . 

10 Fig, 3 is a flow chart of a procedure to be carried 

out by the radio communication system in the first 
embodiment. of the present invention. Upon the start of the 
procedure, a threshold is set to a default threshold THO in 
step ST1. 

15 as shown in Fig. 2, the radio unit 11 measures 

either or both of received field intensity level and 
circuit quality, and gives either or both of the measured 
field intensity level and the measured circuit quality to 
the CPU 13. The CPU 13 compares either or both of the 
20 measured field intensity level and the measured circuit 
quality with the thresholds in step ST2. A query is made 
in step ST3 to see if either of the measured field 
intensity level and the measured circuit quality is lower 
than the corresponding threshold. Steps ST2 and ST3 are 

25 repeated if the response in step ST3 is negative. The CPU 
13 gives a handover instruction to the radio unit 11 in 
step ST4 if the response in step ST3 is affirmative. 

Subsequently, the radio unit 11 executes a handover 
operation in response to the handover instruction, makes a 

3 0 query in step ST5 to see if the handover operation is 
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successfully done, and changes the threshold to a new 
threshold lower than the default threshold THO in step ST6 
if the handover operation is failed. Therefore, the next 
handover operation is started if the measured field 
5 intensity level or the measured circuit quality is lower 
than the new threshold. Consequently, the frequency of 
repetition of the handover operation is reduced if the 
field intensity level or the circuit quality remains 
unchanged. 

10 If.it is justified in step ST5 that the handover 

operation is successful, the threshold is restored to the 
previous threshold THO . 

Second Embodiment. 

15 Fig. 4 is a flow chart of a procedure to be carried 

out by a radio communication system in a second embodiment 
according to the present invention. In this radio 
communication system, a threshold is changed in steps 
according to the frequency of unsuccessful handover 

2 0 operations . 

Upon the start of the procedure, a threshold is set 
to a default threshold THO in step STll, and a handover 
failure frequency n is set to zero (n = 0) in step ST12. 

A radio unit 11 measures either or both of received 

25 field intensity level and circuit quality, and gives either 
or both of the measured field intensity level and the 
measured circuit quality to a CPU 13. The CPU 13 compares 
either or both of the measured field intensity level and 
the measured circuit quality with the thresholds in step 

30 ST13. A query is made in step ST14 to see if either of 



8 



the measured field intensity level and the measured circuit 
quality is lower than the corresponding threshold. Steps 
ST13 and ST14 are repeated if the response in step ST14 is 
negative. The CPU 13 gives a handover instruction to the 
radio unit 11 in step ST15 if the response in step ST14 is 
affirmative. 

Subsequently, the radio unit 11 executes a handover 
operation in response to the handover instruction, makes a 
query in step ST16 to see if the handover operation is 
successful-, and increases the handover failure frequency by 
1 in step ST17 and sets the threshold to a lower default 
threshold Thn in step ST18 if the handover operation is 
unsuccessful. For example, n = 2 if two successive 
handover operations are unsuccessful and the threshold is 
set to a lower default threshold. 

If the handover operation is successful, the 
handover failure frequency n is restored to zero in step 
ST19, and the threshold is set to the default threshold THO 
in step ST20; that is, the initial set state is restored. 

Third Embodiment 

The second embodiment carries out a threshold 
lowering operation to lower the threshold when the handover 
operation results in a failure or carries out a initial 
threshold restoring operation to restore the initial 
threshold when the handover operation is successful. An 
operating unit 20 included in a third embodiment of the 
present invention is provided with a selecting means, not 
shown, for selecting either an operating mode in which the 
threshold lowering operation or the initial threshold 



restoring operation is carried out or an operating mode in 
which the threshold lowering operation or the initial 
threshold restoring operation is not carried out. Fig. 5 
is a flow chart of a procedure to be carried out by the 
third embodiment of the present invention. 

Upon the start of the procedure , a threshold is set 
to a default threshold THO in step ST21. 

A radio unit 11 measures either or both of received 
field intensity level and circuit quality, and gives either 
or both o_f. the measured field intensity level and the 
measured circuit quality to a CPU 13. The CPU 13 compares 
either or both of the- measured field intensity level and 
the measured circuit quality with the thresholds in step 
ST22. A query is made in step ST23 to see if either of the 
measured field intensity level and the measured circuit 
quality is lower than the corresponding threshold. Steps 
ST22 and ST23 are repeated if the response in step ST23 is 
negative. The radio unit 11 provides a handover 
instruction and executes a handover operation in step ST24 
if the response in step ST23 is affirmative. 

Then, a query is made in step ST25 to see if the 
handover operation is successful. A query is made in step 
ST26 to see if the input is fixed. The threshold is kept 
unchanged if the input is fixed or the threshold is changed 
in step ST27 if the input is variable. If it is decided in 
step ST25 that the handover operation is successful, a 
query is made in step ST28 to see if the input is variable. 
The threshold is kept unchanged if the input is fixed or 
the threshold is restored to the default threshold in step 
ST29 if the input is variable. 



Fourth Embodiment 

In the first embodiment, the threshold is lowered if 
the handover operation is unsuccessful or the threshold is 
restored to the initial threshold if the handover operation 
5 is successful- The execution of the next handover 

operation may be suspended for a fixed period of time. Fig. 
6 shows a procedure to be carried out by radio 
communication system in a fourth embodiment according to 
the present invention. 

10 Upon the start of the procedure, handover inhibit 

time is set to a default handover inhibit time in step ST31. 
Subsequently, a radio^ unit 11 measures either or both of 
received field intensity level and circuit quality, and 
gives either or both of the measured field intensity level 

15 and the measured circuit quality to a CPU 13. The CPU 13 
compares either or both of the measured field intensity 
level and the measured circuit quality with the thresholds 
in step ST32. A query is made in step ST33 to see if 
either of the measured field intensity level and the 

2 0 measured circuit quality is lower than the corresponding 

threshold. Steps ST32 and ST33 are repeated if the response 
in step ST33 is negative. The CPU 13 makes a query to see 
if handover is inhibited in step ST34 when the response in 
step ST33 is affirmative. If the response in step ST34 is 

25 affirmative, the procedure returns to step ST32 or a 

handover operation is executed in step ST35 if the response 
in step ST34 is negative. 

Then, a query is made in step ST36 to see if the 
handover operation is successful. The initial handover 
30 inhibit time is restored if the handover operation is 
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successful in step ST37 or step ST38 is executed to change 
the handover inhibit time when the handover operation is 
unsuccessful and the procedure returns to step ST32 and the 
foregoing steps are repeated. 

Thus, the next handover operation is started after 
the elapse of the new handover inhibit time, which reduces 
the frequency of handover operations. 

Fifth Embodiment 

The, fourth embodiment suspends the next handover 
operation for a fixed period of time if the preceding 
handover operation is unsuccessful. The handover inhibit 
time may be changed in steps according to the frequency of 
unsuccessful handover operations. For example, if two 
successive handover operations resulted in a failure, the 
handover inhibit time for which the next handover operation 
is suspended may be extended. The handover inhibit time 
may be changed according to the frequency of unsuccessful 
handover operations. 

Sixth Embodiment 

Although the fourth embodiment suspends the next 
handover operation for a fixed period of time if the 
preceding handover operation is unsuccessful, the operating 
unit 20 may be provided with a selecting means for 
selecting either an operation to suspend the next handover 
operation for a fixed period of time or an operation not to 
suspend the next handover operation for a fixed period of 
time. 



Seventh Embodiment 

Although the first to the third embodiments change 
conditions for handover when a handover operation is 
unsuccessful and the fourth to the sixth embodiments change 
5 time when handover can be started , both conditions for 
handover and time when handover can be started may be 
simultaneously changed. 

Eighth Embodiment 

10 Although the first to the seventh embodiments change 

conditions for handover if a handover operation is 
unsuccessful, conditions for handover may be changed when a 
handover operation is successful. For example, it is 
possible to monitor the frequency of handover operations 

15 continuously to change the thresholds or to change time 
when the handover is to be started when the frequency of 
handover operations exceeds a predetermined value. 

Ninth Embodiment 

20 Although the first to the eighth embodiments start a 

handover operation when the measured field intensity level 
or the measured circuit condition provided by the radio 
unit 11 is lower than the corresponding threshold, the 
handover may be started or may be inhibited depending on an 

25 operator's request, i.e., a request signal provided by 

operating the operating unit 3, not depending on the output 
of the radio unit 11. 

INDUSTRIAL APPLICABILITY 
3 0 As is apparent from the foregoing description, the 
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radio communication system of the present invention lowers 
the threshold defining the lower limit of conditions not 
requiring handover if a handover operation is unsuccessful. 
Therefore, an unnecessary handover operation in a state 
5 where any base station for handover cannot be found can be 
avoided to improve communication quality. 
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CLAIMS : 

1. A radio communication system comprising: a radio 
unit connected to a transmitter-receiver antenna; and a 

5 control unit which compares either or both of field 

intensity level and circuit quality measured by the radio 
unit with thresholds , and gives a handover instruction to 
the radio unit if the measured field intensity level or the 
measured circuit quality is lower than the corresponding 
10 threshold^ and lowers the threshold when a handover 
operation carried out in response to the handover 
instruction is unsuccessfully executed, 

2. The radio communication system according to 
claim 1 further comprising a selecting unit which selects 

15 either a procedure to change conditions for handover when a 
handover operation is unsuccessful, or a procedure to keep 
conditions for handover unchanged even if a handover 
operation is unsuccessfully executed* 

3 • The radio communication system according to 

2 0 claim 1, wherein time when the next handover operation can 
be started is changed according as a handover operation is 
unsuccessfully performed. 

4 . The radio communication system according to 
claim 1, wherein either or both of time when the next 

25 handover operation can be started and the thresholds to be 
compared with field intensity level and circuit quality 
measured by the radio unit are changed when a handover 
operation is unsuccessfully done. 

5. The radio communication system according to 
30 claim 1, wherein either or both of time when the next 
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handover operation can be started and the thresholds to be 
compared with field intensity level and circuit quality 
measured by the radio unit are changed when a handover 
operation is successfully executed. 

6. A radio communication system comprising: a radio 
unit connected to a transmitter-receiver antenna; a control 
unit which compares either or both of field intensity level 
and circuit quality measured by the radio unit with 
thresholds, gives a handover instruction to the radio unit 
if the measured field intensity level or the measured 
circuit quality is not higher than the corresponding 
threshold, -and lowers the threshold when a handover 
operation carried out in response to the handover 
instruction is unsuccessfully executed; and a handover 
executing means capable of forcibly executing handover 
regardless of either or both of the field intensity level 
and the circuit quality. 

7. A radio communication system comprising: a radio 
unit connected to a transmitter-receiver antenna, a control 
unit which compares either or both of field intensity level 
and circuit quality measured by the radio unit with 
thresholds, gives a handover instruction to the radio unit 
if the measured field intensity level or the measured 
circuit quality is not higher than the corresponding 
threshold, and lowers the threshold if a handover operation 
carried out in response to the handover instruction is 
unsuccessful; and a handover inhibiting means capable of 
inhibiting the execution of handover regardless of either 
or both of the field intensity level and the circuit 
quality. 
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ABSTRACT 



In a radio communication system including portable 
radio terminals for communication with base stations in 
5 communication areas, conditions for starting handover are 
changed according to the history of handover to reduce the 
frequency of handover operations and to improve speech 
quality* 
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Declaration and Power of Attorney 
For Patent Application 

(Sole/Joint) 



As a beiow named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural 

inventors are named below) of the subject matter which is claimed and for which a patent is sought, on the invention *! 

entitled "RADIO COMMUNICATION SYSTEM" J 



the specification of which (Check One) 
is attached hereto. 



2£ was filed on December 24 , 1997 
[ ] Application Serial No. _ 



[XJ International Application No. PCT/JP97/04792 
and was amended on 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability in accordance with Title 37, Code of 
Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s) for patent 
or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 



PRIOR FOREIGN APPLICATION^) 



(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 



Priority Claimed 

Yes: No: 

Yes: No: 

Yes: No: 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose 
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material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing 
date of the prior application and the national or PCT international filing date of this application. 



(Application Serial No.) (Filing Date) (Status) 



(Application Serial No.) (Filing Date) (Status) 

I or we hereby appoint the following attorneys to prosecute this application and to transact all business in the Patent and 
Trademark Office connected therewith, and request that all correspondence about the application be addressed to 
RQXHWELL, FIGG, ERNST & KURZ^.C^SS S 13th Street, N.W t| Wash in gton, D.C 20004^ y 



G. Franklin Rothwell, Reg. M^lg^S. Michael G. Sullivan, Reg. No. 35^ 3^- 

E. Anthony Figg, Reg. N o lX^ Jeffrey B. Mclntyre, Reg. N o, 36 Ji ff, 

Barbara G. Ernst, Reg. N o 30,377 Robert J. Jondle, Reg. N o, 33,911, 

George R. Repper, Reg. N o. 31,414 Moon Soo Lee, Reg. No. 37,377 

Lawrence G. Norris, Reg. N o. 18,034^ Kenneth M. Fagin, Reg. N o. 37,6 1^ 

Bart G. Newland, Reg. N o. 31,282 ' Stephen B. Parker, Reg. No. 36^631 
Vincent M. DeLuca, Reg. No. 32.408 
Joseph A. Hynds, Reg. No. 3 4,627_ 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent 



Full Name of Sole or First Inventor Inventor 's Signature 

Atsuya KGME Oct^JJ^ }(yiAA^ 


Date 

August 19, 1999 


Residence ^fckyo^ Japan <^^^^ 


Citizenship 

Japanese 


c/o MITSUBISHI DENKI KABUSHIKI KAISHA, 
Post omce Address ^ _ Ma^nouchi . r*nvoda~ku. Tokyo .100-8310 Japan 


Full Name of Second Joint Inventor, if any Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Third Joint Inventor, if any Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Fourth Joint Inventor, if any Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 
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